Introduction

26
An athlete's foot strike pattern depends on many factors, including amongst others: the 27 footwear condition or stiffness of the footwear; running surface; running speed and individual 28 anatomical or morphological characteristics. [1] [2] [3] [4] [5] [6] Numerous studies [1] [2] [3] [4] [5] [6] have reported clear influence sprinting performance, with 20 m sprint times significantly reduced when moderate 52 stiffness carbon fibre plates were inserted into athletes own sprint spikes. 10 The authors 10 
53
speculated that increasing the shoe bending stiffness would result in a change in the point of 54 application of ground reaction force, moving the centre of pressure anteriorly and increasing 55 the joint's moment arm. However, this speculation has not been supported by kinetic data for noted that 'performance-related parameters' such as metatarsophalangeal joint dorsiflexion 63 and dorsiflexion velocity were significantly reduced by sprint spikes, although a better 64 understanding of these parameters is needed to understand their effect on sprinting 65 performance. Their study 11 was limited by a small group of only four sprinters and a rather 66 simple representation of the metatarsophalangeal joint, which may not be realistic. The 67 current investigation will provide a more in-depth study of such parameters during sprinting,
68
combining kinematic data with joint kinetics and energetics to provide evidence of the 69 mechanisms through which a stiff sprint spike may improve sprint performance.
70
Overall, little work has examined the effect of sprinting footwear on 71 metatarsophalangeal joint function during sprinting. Therefore, the current study was 72 designed to explore the effect of sprint spikes upon typical kinematics and kinetics, in 73 comparison to a baseline condition completely absent of any effect of footwear. Bosjen-metatarsophalangeal joint axes, is compromised by footwear, however no clear evidence for 76 this has been presented in the research for sprinting.
77
The aim of the current study was to determine whether standard sprinting footwear 
Methods
87
Eight competitive athletes (club / regional level) were recruited using convenience 88 sampling for the study; three female (mean age 22.0 ± 4.8 years, mean height 172.3 ± 9.9 cm, 89 mean mass 64.0 ± 6.9 kg) and five male (mean age 22.7 ± 3.5 years, mean height 186 ± 4.7 90 cm, mean mass 77.2 ± 3.5 kg). All athletes were trained sprinters who specialised in sprints 91 or heptathlon / decathlon and were forefoot strikers when sprinting. Informed written consent
92
was obtained from all participants in accordance with the University's Ethics Committee.
93
Each subject underwent two dual-energy X-ray absorptiometry scans, used as an aid was defined as the angle between the toe and forefoot segments in relation to a standing calibration for normalization. Metatarsophalangeal joint range of motion was defined as from 151 minimum to maximum peak angle during stance phase.
152
Joint positional and force data were smoothed using a fourth-order low pass
153
Butterworth filter with a cut-off frequency of 100 Hz, due to the importance of using the 
184
There was no reduction in sprint speed over the eight trials; demonstrating fatigue was not a 185 factor in this study. There was no significant difference (p = .606) in mean stance times 186 between conditions, which were 0.125 s ± 0.010 s for barefoot and 0.127 s ± 0.009 s for 187 sprint spikes.
188
The metatarsophalangeal joint underwent rapid dorsiflexion during midstance Typical intra-subject variation in the kinematic and kinetic variables for one 223 participant demonstrates coefficients of variation ranging from 5.3% to 25.5% (Table 2) .
224
Despite this variation, the magnitude of the significant differences between barefoot and 225 sprint spike conditions in the kinematics and kinetics were high. Where significant 226 differences were found, calculated effect sizes (Table 1) The mean metatarsophalangeal joint range of motion values in this study (51.5 º ± 3.5 252 º barefoot and 42.3 º ± 5.7 º) were slightly higher than those reported in the previous research.
253
Stefanyshyn et al. 20 reported average peak dorsiflexion at the metatarsophalangeal joint from effective transfer of energy and lead to an improvement in sprinting performance.
292
The metatarsophalangeal joint was a large energy absorber and produced little energy 
